Abstract. Over the past decade business and software modelling have been carried out using different notations designed to fit the special needs of the respective tasks. This approach has introduced a gap between the software and business models, which has resulted in inconsistency. The objective of this paper is to propose a new approach to analysis of the business process using UML notation. UML is the most commonly used language in object-oriented software development. Moreover, it can be extended to the modelling of business processes. With this approach it is possible, in the same notation, to visualise a company's business processes, its information system requirements and the architecture of the relevant information system. However, object-oriented decomposition is not well suited to business process modelling. In an object-oriented methodology the decomposition is achieved by objects on which operations are performed. The aspects of the process are hidden within the objects. In this case functional decomposition from structured methodology is a much better choice. Functional decomposition provides a high degree of abstraction, which is sufficient for business experts. It simplifies the analysis of business by breaking down (decomposing) the problem into the functional steps of which it is made up. The primary aim of this paper has been to integrate functional decomposition with UML notation in order to model business processes. A case study is presented as an illustration.
Introduction
In order to survive in today's global economy more and more enterprises are having to redesign their business processes. The competitive market creates the demand for high quality services at lower costs and with shorter cycle times. In such an environment business processes must be identified, described, understood and analysed to find inefficiencies which cause financial losses. One way to achieve this is by modelling. Business modelling is the first step towards defining a software system. It enables the company to look afresh at how to improve organisation and to discover the processes that can be solved automatically by software that will support the business. The outcome of business process modelling is to provide information system developers with the information system requirements. For information system development to be simplified the business model should be drawn up in an understandable notation by software engineers. UML is such a notation. In this paper I show that UML is suitable not only for IT professionals but also for the business community. As a result, UML enables all "stakeholders" to speak the same language. The next crucial issue in business modelling is dealing with the complexity of the business processes. The object-oriented methodology commonly used in software development deals with complexity in concepts of abstraction, encapsulation, generalisation and aggregation. However, object decomposition may not provide the best solution for business process analysis. Object decomposition perceives a system as a collection of collaborating objects, the object being the basic unit by which we organise knowledge. Thinking about a system in terms of messages passing (service requests) between objects is too low a level of abstraction. The natural approach for business people is to break down business processes into smaller sub-processes, as long as an elementary level is achieved that is simple enough to operate. This is called functional decomposition. My approach takes advantage of both UML notation and functional decomposition.
The remainder of this paper first provides a background for business process modelling and functional decomposition followed by a brief introduction to UML and the UML extension mechanism. The proposal, made by Eriksson-Penker Business Extensions and the author, to integrate it with functional decomposition is then examined, after which a case study is presented. The case study shows the application of the proposed approach in a business process model of a Polish institution of higher education in the private sector. The last section of the paper sets out the conclusions to be drawn.
Background
The aims of this section are to explain the concepts involved in the business process and to provide an overview of modelling from a business perspective. Then a well-known technique in software engineering, that of functional decomposition is introduced. This section also explains the need for a common language among software developers and business people. Subsequently the characteristics are described that make UML an adequate business modelling language.
The business process
Numerous definitions of the business process have been proposed in a variety of publications [19, 24, 4, 13, 11, 14] . The business process is a structured collection of activities that work together to produce an outcome in accordance with the business goals. The business process is typically cross-functional and cuts across departmental boundaries. Whether manual or automated, the process takes inputs, transforms them, adds significant value to them and provides outputs for its customers. The customer may be either internal or external to the business.
A resource is an object which can play a role in the realisation of a process. Resources can be classified as follows: input object, output object, supplying object and, controlling object [8] . The input objects are the resources needed to perform the process. These are usually transformed or consumed as part of the process. The input objects can also be refined by the process, in which case the process adds value to them. The output objects represent the accomplishment of the goals and are the result of the process. The output object may be a completely new object created during the processes or it may be a transformed input object. The output of one business process is often the input to another process. The process may also have connections with the supplying and controlling objects. The supplying objects carry information required by the process. Resources, such as people, that are responsible for executing the activities in the process are known as control objects.
Each business process has a goal that reflects business expectation of its outcome. All the processes collaborate to achieve the strategic goals of the business. The process may be defined at any level of viewing from enterprise-wide processes to a single task performed by a single person. The process can consist of lower level sub-processes. The lowest level of the process is referred to as the elementary business process (EBP), a process performed in one location at one time which leaves the business in a consistent state [11] .
The main types of business process are core (primary) processes, support processes and management processes [8, 16] . The core processes are those that define the purpose of the existence of the organisation and contribute directly to the production of goods and services for the organisation's external customers. The support processes help to fulfil the services of the main processes. Their outcome is not visible to the external customer but is essential to the effective functioning of the business. These processes make the delivery of the core processes of an enterprise possible. The last category of process, the management process, describes the work of managers in support of the business processes. These processes affect the way the other processes are managed and the relationship of the business to its owners.
Business process modelling
Business processes are complex, dynamic and interconnected throughout an organisation, sometimes extending to its customers and deliverers. Modelling techniques have been created to deal with this complexity. The model demonstrates the relationships between processes and provides an understanding of how the business operates. Models allow irrelevant details to be eliminated so that the focus can be on important aspects of the business. The business model is a mechanism for capturing fundamental enterprise business knowledge and represents the essence of the business organisation. It describes at a high level of abstraction how the business is working today and how this might be improved upon tomorrow. The business model generates an overall picture of the business domain and enables the effects of changes to be identified before the changes have been implemented. B. Baker writes [1] that there are three basic reasons for modelling a business: to re-engineer the business, to improve a business process or to automate a business process. The goal of business process re-engineering is radical re-organisation of an enterprise along the flow of work that generates the value sought by the customer [11, 14] . To achieve this goal the business processes must be revised, investigated and documented. This will enable the owners of the business processes to gain a better understanding of enterprise-wide operations. The next step is to find bottle-necks in current processes and to determine how to make necessary improvements so that the processes are more productive and cost-effective. The last reason for business modelling is to take decisions about which of
The integration of functional decomposition with UML notation in business process modelling. 5 the manual processes might be automated and conducted better by information systems. Automation of business processes is the primary use of information technology in organisations. It reduces human intervention and assembles software services to support the business. A clear map of the business processes at the beginning of a project helps to specify requirements for information systems and ensures that these systems meet the business needs when delivered.
Functional decomposition
The term "functional decomposition" was introduced with structured methodology and was the key concept in software engineering prior to object-oriented domination. The first stage in most of the system's lifecycles is business planning. Before analysts begin developing information systems they must understand the major business functions that the organisation needs to perform. It is then much easier to identify processes that occur within the business functions and the system that will ultimately support those processes [12] . A commonly used technique in business analysis is functional decomposition. This is a top-down analysis that views a business as a collection of functions. Each function can be decomposed into business processes, each of which may be progressively broken down into smaller sub-processes until the business has been specified in terms of EBPs. These can once again be broken down into actions. The order in which these actions are performed and the flow control can be presented at an activity diagram, as explained in a later section.
Unified Modelling Language (UML)
Software development is known to be a complex task requiring the coordinated efforts of domain experts, business analysts, designers, programmers and testers. In the IT community UML notation is considered to be the industry's standard for object-oriented system development and is widely used all over the world. Different phases of the software development process require different numbers of diagrams, where each diagram emphasises a particular aspect of the system. UML 2.0 defines 13 types of diagrams which are divided into two categories: structure diagrams, and behaviour diagrams [26, 29] . All the diagrams put together create a complete picture of the system. For more detailed information about UML diagrams please refer to the information sources mentioned in the reference sections [26, 9, 21, 10, 29, 27, 28] .
Nevertheless, there is no one standard in business modelling and various notations exist [13, 20, 18, 7, 6] . As emphasised in [1] , however, there is a need to use the same notation throughout the entire life-cycle of a project. Such an approach provides a great advantage for all stakeholders, making the development process more efficient. By having the business experts and system developers using the same modelling concepts, the risk of costly errors related to misunderstanding of the models is significantly decreased. When the issues mentioned above are taken into account, UML is a good candidate as a business modelling tool [4, 20, 23, 17, 22, 25] . It provides a common notation that allows business people to express the design of their business processes in a way meaningful to them, while providing clear direction for information technology support.
UML was initially designed as a general-purpose visual modelling language used to specify, visualise, construct and document the artefacts of a software system [26] . However, its clear and easily comprehended notation makes UML understandable to non-technical stakeholders. A flexibility and extensibility meta-model enables UML to be extended into different areas of modelling, including business process modelling.
The UML extensibility mechanisms
No language could ever be adequate to express a specific subject across all domains. UML is designed to be open-ended, allowing users to customise and extend it to their own particular needs [2] . The UML extensibility mechanisms refer to stereotypes, constraints and tagged values [26, 9, 21] . A stereotype defines a new type of modelling element suitable for a specific problem. Each stereotype must be based on a certain existing type in the meta-model. A stereotype may be expressed as a label enclosed in guillemots «» or as an icon. Constraints represent restrictions that are applied to UML elements. A constraint is a text enclosed in curly brackets {}. Constraints may be expressed more formally using the Object Constraint Language (OCL). Tagged values are properties attached to UML elements as a name-value pair. Both the tag and the value are enclosed in curly brackets {tag = value}. The UML extension mechanism should be used in those cases in which the basic semantics of the language is insufficient.
Applying UML in business process modelling
This section presents two of the most useful diagrams in business process modelling: the activity diagram and the process diagram. The activity diagram is a useful tool for showing flow control in the outworking of a business process. The process diagram is part of the Eriksson-Penker Business Extensions and is suitable for gaining an overview of all the processes.
The activity diagram
The most important UML diagram from a business point of view is the activity diagram. This combines ideas from the event diagrams of Jim Odell, data flow diagrams and Petri nets and is the latest form of the flow chart. The flow chart, which treats a process as a collection of actions, is one of the most natural visualisations of a business process and makes the activity diagram suitable for the specification of business processes [20, 18, 6, 25, 3, 5, 15] .
The activity diagram can describe complex business processes as well as elementary business processes. A functional decomposition approach organises activity diagrams in a hierarchical tree, depending on the complexity of the business under study. Each complex process is modelled as a sequence of activities that represents subprocesses. The elementary business process is modelled as a sequence of atomic actions. Too many activities on the same diagram will cause the diagram to become confusing. Functional decomposition provides a way of preventing confusion by creating diagrams at different levels of abstraction and organising them hierarchically. Activity from one diagram can be divided into actions in a lower level diagram.
Activities are presented as ovals and are governed by clearly defined control nodes such as decisions and merges (diamonds icon), forks and joins (solid horizontal line). When an activity is completed the control flow is passed to the next activity. A transition is modelled as a directed arrow from the source activity to the target activity. Objects may participate in the activity. They are either an input to or an output from the actions, or they can simply show that an object is affected by a specific activity [9] . Object flows are shown with a dashed line ending with an arrow. Partitions can be used to show in which part of an organisation the activity is performed. Moreover, the activity diagram can present more than one business process. However, if there is a need to give a broad picture of all the processes, the process diagram is a better solution. I also suggest using the process diagram instead of the activity diagram when objects involved in activity are crucial and there is a need to emphasise them.
The Eriksson-Penker Business Extensions
A number of techniques have emerged over the years to support business modelling, such as IDEF0, IDEF3, ARIS-EPC, BPMN, and Petri nets. These provide ways of expressing business processes in terms of activities and of arranging resources. None of them, however, is equipped to support the design of software. This creates a gap between business and software models and is a source of mistakes.
H.E. Eriksson and M. Penker have proposed extensions to UML that are intended as a basic framework for business modelling [24, 20] . These extensions can express a business process while at the same time providing consistency with a software model. Eriksson-Penker Business Extensions use four different views of a business: business vision, business process, business structure, and business behaviour. Each view focuses on a particular aspect of the business and is described through a number of diagrams and/or a textual document [8] . For the purpose of this paper only the process diagram, which is an element of the business process view, will be presented.
The process diagram
The process diagram is a specialisation of the UML activity diagram with a set of stereotypes that illustrates the interaction between the processes, the resources that participate in the processes and the goals of the processes. The process diagram describes how work is done within the business environment. The following stereotypes are used to define the process diagram: business process, resources, goals and rules.
The business process stereotype
The core business modelling element is represented by stereotyping an activity to a «process» or by a special icon. High-level processes may be divided into sub-processes placed inside the process element or on a separate lower level diagram. I suggest breaking down business processes until EBPs are achieved. Each EBP can then be specified on an activity
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diagram by internal actions. In this manner we obtain functional decomposition in UML notation.
Resource stereotype
The resource types are represented as classes. Resource instances are represented as objects. Input objects are usually placed on the left of the process and output objects are placed on the right. A result produced by one process can constitute input to another process. The supplying and controlling objects are placed below or above the process and can be linked to it by a dependency stereotyped adequately by «supply» and «control». Eriksson-Penker Business Extensions [8, 9] define the hierarchy of resource types (Figure 1 ). In the process diagram the resource type is indicated by the stereotype. The stereotype provides additional information about the resource. Abstract objects refer to intangible items. The "people resource" denotes human beings acting in the process.
Fig. 1. Resource types

A case study
In this section, the demonstration that the proposed approach is capable of modelling business processes, is presented. For the purpose of the illustration, a business process model of an institution of higher education was developed. The research method applied to this organisation was open-ended interviewing. The persons who are most knowledgeable about the issue of interest were interviewed. Relying on the information collected from the interviews, a textual description to illustrate how the business is run was created. The first part of this section gives an overview of the main business processes, although the details are beyond the scope of this paper. The second part presents the relevant process and activity diagrams.
Functional decomposition was applied to break the business processes into atomic actions.
Domain specification
The business domain modelled is a Polish institution of higher education in the private sector. The academic institution can be understood as a service provider, its main business function being the provision of higher education. This service is immaterial and students participate in it directly.
The main business function is achieved by nine high level processes. The overview of each process is presented below as a textual description.
Analysis of business environment
Heads of departments are continuously tracking changes in the job market, to adjust what is offered to the needs of the educational market. IT magazines and internet portals are an essential source of this information. These members of staff are also watching the micro-environment, other colleges with which they are competing on the student market. The data for their analysis is gained from the internet web sites of other institutions of higher education. One of the main areas of interest is therefore what other educational institutions have on offer. The college's educational programme is drawn up on the basis of such data. The whole process is supervised by the Chancellor and verified by the school's position in the student market.
Marketing
The educational programme thus established has to reach a wide range of customers. In order to achieve this administrative staff create marketing materials tailored to the educational programme. These materials are disseminated through the press, radio and TV. Administrative workers additionally compile the contents of the website. Website creation is handled by an external company.
Human Resources Management
Heads of department have to select academic staff in the light of the educational programme offered. First the teaching of the academic courses is opened to those lecturers who were employed in the previous academic year and who were highly rated by students. Where new lecturers have to be employed, the background of candidates' research work is taken into consideration. Next payment is negotiated individually with each lecturer and the interest rate and staff profiles are accepted by the Chancellor. The assignment of lecturers to subjects is set out in a document known as the workload card, which must be signed by the Chancellor.
The integration of functional decomposition with UML notation in business process modelling. 11
Teaching arrangements
Once classes have been assigned to the lecturers, the next step is the preparation of syllabuses. The lecturers can follow syllabuses that were used during the previous year and custom them to current scientific developments. The syllabuses must be approved by the Dean.
Ordering books
On the basis of the syllabuses, lecturers' advice and students' requests administrative staff draw up order forms for the books for the school library and monthly orders are sent to the publishers.
Timetabling
On the basis of the workload cards and classroom availability the timetable is drawn up by administrative staff, who contact the lecturers to find out when they are free to teach.
Conducting the classes
During the academic year lecturers conduct their classes according to the timetable. Consequently the students make educational progress.
Assessment of lecturers
After each semester the Assistant to the Dean ranks the lecturers on the basis of surveys, inspections and the attendance register. The surveys are conducted among the students by the Assistant to the Dean, the inspection is carried out by the Head of Department and the attendance register is kept by the porter.
Admission procedures
All candidates must submit to the Dean's Office an application form and a copy of their final school examination certificate. If the number of applicants exceeds the number of places available, the applicants undergo a process of evaluation based on their scores in their final school examination and an entrance examination. Applicants are notified of the exact time of their entrance examination and their qualifications are judged by the admission staff. If the number of applicants is lower than the number of places available, all applicants are accepted. Accepted applicants receive a letter asking them to pay their tuition fee, and the list of students admitted is drawn up according to the payment receipts.
Business process model
In this part the use of the activity and process diagrams to achieve functional decomposition was demonstrated. Figure 2 shows the business process in the organisation analysed in its entirety. The integration of functional decomposition with UML notation in business process modelling. 13
The goal of providing higher education is to prepare students to apply scientific knowledge and methods in their profession. The figure 2 conveys general information. The assessment of lecturers and admission procedures are given further attention. The admission of students to courses is an example of an EBP and so I have used an activity diagram to present it ( Figure 3) . 
Conclusion
Business modelling has appeared as a response to the need for describing a business in a formal way. The purpose of creating a formal model is to better understand, analyse, improve or replace a business process. In the last decade business practitioners have been overwhelmed with notations in diagramming business processes. These notations have been understandable for business people but have not been compatible with the notations used in software engineering.
The research contributes to business modelling in several ways. First of all, the proposed study introduces a new approach to business process modelling. It integrates a well-known strategy for dealing with complexity, that of functional decomposition, with a notation commonly used in software engineering, namely UML. The case study suggests that such integration is possible, but this should be confirmed empirically. Functional decomposition offers the analyst a mechanism to divide and conquer the complexity of business processes. The UML extension mechanisms allow UML to be fitted for specific needs. It is notation that can be used for business modelling just as it has come to be used for software modelling.
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Secondly, the presented approach guarantees a smooth transition from business process analysis to system requirements, because the same notation is used for all models. This significantly decreases the time needed to transform the model from a business to a software model. Moreover, the availability of a common notation, aligning IT with the business community, improves communication among a project team. Good communication is a critical success factor in the development of information systems.
